Objectives: Modification of carbon electrodes with poly (p-aminobenzene sulfonic acid) and use as a sensor for sensitive and reliable detection of methyldopa (MD) and ascorbic acid. 
, and it is widely used to lower blood pressure. MD is a centrally acting adrenal-receptor that reduces high blood pressure and sympathetic tone. 1 In adrenergic nerve terminals, it is converted to α-methyl noradrenaline, and its antihypertensive effect seems to be owing to this agent stimulate the central adrenoreceptors. were reported previously for the determination of MD. However, many of these techniques require expensive equipment and time consuming. In addition, since these catecholamines are electrochemically active, it is also possible to determine the nature of the molecules that provide neurotransmission by electrochemical methods. Therefore, it is important to detect of MD in the presence of AA by a reliable method, which has good selectivity and sensitivity.
Ascorbic acid (vitamin C) is a biologically and industrially important substance 9 . The coexistence of ascorbic acid, MD and other catecholamines with very close oxidation potentials leads to the response obtained by electrochemical techniques. For this reason, the increased sensitivity and selectivity of the new sensors produced to the MD has long been the subject of researchers working on. Using the polymer modified electrodes solves this problem. Electrochemical behavior of MD was studied at various polymer electrodes. [10] [11] [12] [13] [14] [15] [16] [17] However, some disadvantages exist in the previously reported modified electrodes.
AA exists as an anion in physiological pH (7.4), whereas MD exists as a cation.
There are high electron density sulfo groups and electron-rich N atoms in the structure of p-(ABSA In this study, electroanalytical methods were developed to detect methyldopa in drug samples rapidly, reliably and sensitively using the electrode modified with poly (p-ABSA). It has been determined that the modified sensor can be utilized to the MD determination even in the presence of ascorbic acid at the same time. Another significant advantage of these techniques over other techniques is that they can be applied directly to the analysis of pharmaceutical dosage forms and biological samples, without the need for extensive sample preparation, as there is no interaction between the adjuvants and the endogenous substances.
The analytical determination parameters such as the limit of detection (LOD), the limit of quantification (LOQ) and the concentration range were determined, and the amount of MD in the drug tablets and blood serum was found. To test the accuracy of the applied voltammetric method, MD recovery studies were performed in real samples.
MATERIALS AND METHODS

Materials
Alfamet tablet containing 250 mg MD was kindly supplied by I.E. Ulagay (Turkey). All chemicals were of analytical purity and were procured from Merck (Darmstadt, Germany) or Sigma Chemical Company. Prior to the polymerization, the solutions of monomer were held in the nitrogen gas atmosphere for about 10 minutes, and during the electropolymerization, the electrochemical cell was covered with nitrogen gas.
Voltammetric experiments were carried out in the phosphate buffer solution (pH 3.0).
Methyldopa and AA solutions were freshly prepared before the experiments. All solutions were prepared in with ultra-pure water. 
Modification of Poly (p-ABSA) Sensor
Before modification, the working glassy carbon electrode (GCE) was cleaned using 0.3 and 0.05 µm Al2O3 slurry on polishing materials. Then polished GCE was sonicated in 1:1 nitric acid solution for 10 min and washed with ultra-pure water.
Afterward, GCE was electrochemically cleaned by 20-times cycling in the potential range of (−0.7) to (1.7) V with a scan rate of 100 mV/s in 0.5 M H2SO4. After that, the electrode was plunged into 0.1 M KCl solution containing 5.0 mM p-ABSA and modification procedure was performed by cyclic sweeping from (-1.5) to (2.5) V for 14 cycles at 50 mV/s. Then, the modified sensor was conditioned by cyclic voltammetry in the potential range of (-0.5) -(0.5) V with 100 mV/s in pH 3.0 PBS and was stored in PBS (pH 3.0).
Preparation of real samples
Tablet of MD with the commercial name of Alfamet were prepared. Each tablet contains 250 mg methyldopa. Five MD tablets were finely powdered using a mortar and pestle and then, appropriate amount of this sample containing a known amount of the active material was weighed and dissolve with double distilled water. The prepared mixture was filtered using a filter paper and diluted to appropriate amounts with double distilled water. The serum samples were collected from research hospital and were sonicated (15 minutes with 5000 rpm) and then diluted 10 times with doubly u n c o r r e c t e d p r o o f distilled water without any additional pretreatment. Before voltammetric determination, appropriate amount of the prepared real samples were added to 10 mL of phosphate buffer solution with optimum pH (pH 3.0) and then was transferred to the electrochemical cell for electrochemical measurements. The standard addition method was used to determine MD in the real and spiked samples. Figure 2 shows the electropolymerization of p-ABSA at the GCE surface. The electropolymerization was performed in 0.1 M KCl solution containing 5.0 mM p-ABSA at a GCE by cyclic voltammetry technique in the potential range of (-1.5)-(2.5)
RESULTS AND DISCUSSION
Electropolymerization of p-Aminobenzene Sulfonic Acid
V. In the first cycle, two reduction peaks were obtained at 0.452 V (peak A) and 0.449 V (peak B), which might be related to the reduction of p-ABSA. Again, in the first cycle, an oxidation peak was observed at 0.824V (peak C). In the next and subsequent cycles, following the continuous scan, broader peaks were monitored providing that the polymer film was constantly growing. It could be observed that the film growth was faster for the first five cycles than for the other cycles and also, the next cycles are no longer exist. From these, it could be said that p-ABSA was coated on the GCE surface by electrodeposition. A brown polymer was formed that was properly bonded on the GCE surface.
The Effect of Film Thickness on MD Response
The film thickness, which is determined with the number of cycles of electropolymerization, is one of the most important factors determining the polymer film selectivity property. By altering the amount of charge consumed during electropolymerization, it is possible to obtain poly (p-ABSA) films at desired with the data recorded from the bare GCE electrode, an increase in peak current and a decrease in overpotential of MD were obtained at modified GC electrode.
Therefore, it was assessed as an electrocatalytic effect for the oxidation of MD on the modified surface. It could be observed that the oxidation peak current for modified electrode significantly increased and it was almost 50 times higher than that unmodified electrode. This behavior is due to adsorption of MD on the surface of p-ABSA by interaction of MD functional groups such as NH2, COOH and OH with carboxyl groups of activated p-ABSA on the surface of electrode. Thus sensitivity significantly enhanced due to preconcentration of MD on the active surface of p-ABSA. Also, as shown in Fig. 4B , the onset potential for MD oxidation at poly (p-ABSA) electrode is lower than its oxidation at a bare GCE (Fig. 4B ) because of catalytic behavior of modified electrode. However, the potential peak at the bare GCE (0.59 V) is higher than the potential peak at the modified GCE (0.220 V). The effect of scan rate on the oxidation peak current of 0.01 mM MD was studied. With the scan rate increasing, the anodic peak current increased. A good linearity between the square root of scan rate and peak current was obtained between the range of 10- The electrostatic interaction between the modified GCE electrode and MD contributed to the enhancement of sensitivity and electroactivity. The oxidation peak of MD in the pH of 3.0 is irreversible and thus with increase in the peak height, the peak potential shifts to lower potential. But onset potential that show the kinetic of the reaction, decreased for the modified GCE compare to the bare GCE and thus sensitivity and selectivity increased because of these effects.
Electrolyte Type Effect on Voltammetric Behavior of Methyldopa
By selecting an appropriate supporting electrolyte solution, it creates a conductive environment between the submerged electrodes.
The choice of supporting electrolyte depends on MD's resolution, dissociation degree and nucleophilic character..For this purpose, voltammograms of MD in Na2SO4, PBS (pH 7.0), NaNO3, NaClO4, NaCl and KCl supporting electrolytes (electrolytes concentration, 0.1 M) were taken ( Figure 5 ). While taking a voltammogram at pH 7.0 for PBS, voltammograms were taken at the native pH of the other electrolyte species.
Effect of pH on The Peak Potential and Peak Current of MD
The peak current and potential are dependent on pH of solution. To find the optimum pH, the influence of pH over the range of 2.0-11.0 on the performance of the sensor was investigated. Experimental results for MD are shown in Figure 6 . It was found that the anodic peak current of MD increased with increment of acidity, and reached to maximum value at pH (3.0). Therefore, pH 3.0 was selected as the optimum pH for the determination of MD. Increasing the peak current with the It is readily seen from the Figure 8 that peak currents increase linearly with increasing MD concentration even in the presence of ascorbic acid. Morover, the MD peak current was unaffected with the increasing ascorbic acid concentration ( Figure 9 ).
Moreover, from the successive runs of the modified electrode in the binary mixture, it was observed that the voltammetric responses were almost invariable. The relative standard deviation (RSD) for MD and 5 repeated measurements was less than 3%.. This behavior reflects that the stability of the modified electrode was satisfactory.
Analytical applications
Five Alfamet tablets containing 250 mg MD in each tablet were directly weighed and powdered in the mortar. The calculated amount of MD corresponding to the 100 mM u n c o r r e c t e d p r o o f concentration stock solution was weighed and transferred to a 10 mL volumetric flask and the volume was supplemented with ultra-pure water. The contents of the flask were subjected to centrifugation at 5000 rpm for 15 minutes to effect complete dissolution. The prepared mixture was filtered using paper filter and diluted to appropriate amounts double distilled water. The serum samples were collected from research hospital and were centrifuged (15 min with 5000 rpm) and then diluted 10 times with doubly distilled water without any additional pretreatment. Before voltammetric determination, appropriate amount of prepared real samples were added to 10 mL of phosphate buffer solution with optimum pH (pH 3.0) and then was transferred to the electrochemical cell for electrochemical measurements. The standard addition method was used to determine methyldopa in the real and spiked samples.
The quantity of MD in the tablets was computed from the suitable calibration graphs. 
